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Data Acquisition Plan

NOAA Fisheries Data Acquisition Plan

Executive Summary

NOAA Fisheries is charged with stewardship of the Natiopsrpose-built, dedicated FRVs, and integrate them with chartered
living marine resources through science-based conservatiorvasdels from the academic and private industry fleets. Acoustic
management and promotion of the health of their environmepieting will reduce behavioral responses of species targeted in
At-sea research and monitoring is the foundation upon whidhveys and minimize noise interference to hydroacoustic sig-
stewardship is based. This report responds to OMB'’s requestés. The ships must have the speed, power and endurance to
a data acquisition plan to outline how NOAA Fisheries’ data alow acoustic and trawl surveys at the shelf edge. The ships
quirements will be met over the next five years. The report deailsst have adequate berthing to support a full scientific comple-
with the interface of three highly dynamic systems: marine meent, and be configured to support laboratories, computers and
sources and their environment, the science and technology osédt-gear (e.g., trawl, longline, oceanographic) capabilities.
to understand and manage them, and the policy arena thdutiher, the ships must be available for fisheries missions for at
rects management and distributes fiscal resources. Linkdgast a decade to protect the integrity of long-term resource sur-
among these systems are robust; changes in one greatly indlys. Lastly, their design should accommodate technology de-
ence the status of the others. Good planning is essential tvelpment and mission changes over their service lives.
success of any mission, but planning for the future in this dy-
namic environment is particularly challenging. This Data Ac- At-sea data are now collected by the existing NOAA fleet
quisition Plan Plan) describes NOAA Fisheries’ approach tasing 1,877 days at sea (DAS), supplemented by 1,227 DAS of
provide the best possible information upon which to managedhartered university and private industry vessels. NOAA Fish-
Nation’s living marine resources. eries convened a workshop of stock assessment and vessel ex-

perts to review the requirements for DAS and how they were

ThePlandescribes the evolution of NOAA Fisheries’ misletermined. The study concluded that 9.3 ship years of FRV
sion, and its research fleet. Legislation which has influencedttime, supplemented with non-FRV (e.qg. fishing vessel, research
stewardship process of marine resources, and its impact onwigisel) charters, are needed to meet at-sea data requirements.
requirements is discussed. Changes on the horizon, such asthanPlan calls for the existing fisheries vessels in the NOAA
agement philosophies and impending technological advanE&st to be phased out as four purpose-built FRVs are constructed,
which will influence the way resources are researched, moleiployed and calibrated for service. NOAA will collaborate with
tored and managed in the future are evaluated. All these fadd®LS and the private sector to develop a means of meeting
were considered as titan was developed to achieve the flexthe remaining ship needs with chartered vessels.
ibility required to properly manage a dynamic system in a dy-
namic environment. An external review of the Plan was performed, and the re-

port was provided to NOAA Fisheries in May 1998. The report

A complex web of diverse data feeds into the resource ntamcluded that construction of a core fleet of purpose-built ves-
agement process. The critical importance of fisheries-indests is a good approach, that the FRVs, as designed, will be out-
dent data, requiring at-sea research is discussedPl&heov- standing, will serve the nation extremely well as the core of a
ers how decisions are made on what data are needed, howetlieated fisheries fleet for their full projected lifetime, and that
criteria for data quality and quantity are established, and wihatvessels are not overspecified. Further study of vessel acqui-
tools are required to collect data that meet these criteria insitien management, ownership, and operation was encouraged,
most cost effective manner. Available research platforms @md NOAA Fisheries is engaged in those studies now.
evaluated, including NOAA or other fishery research vessels
(FRVS), chartered fishing vessels and university ships. NOAA bears the stewardship responsibility for the largest

EEZ in the world, and to perform that mission, it must have the

ThePlandiscusses several options to meet the data requireper tools. New legislation, management philosophies and
ments which were analyzed by a multidisciplinary team fr@gientific advancements have created new opportunities to im-
government agencies, academic institutions and private inghieve fisheries management. Providing appropriate support will
try. They determined that a new generation of FRVs was neededble NOAA to capitalize on these opportunities, to the eco-
The central philosophy of tHélanis to construct a core fleet ohomic benefit of the Nation and integrity of our ecosystems.
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“Stewardship of living marine resources for the benefit of the Nation
through their science-based conservation and management and
promotion of the health of their environment”

—NOAA Fisheries Mission Statement

|NTRODUCTION

The United States’ Exclusive Economic Zorlaboratory and berthing, and endurance require-
(EEZ) is the largest in the world, encompassingents.
1.7 times the area of the U.S. and territorial land
mass (Fig. 1). Stewardship of the Nation’s living Commercial and recreational fishing con-
marine resources and their habitat is the respoissitute a major source of employment and con-
bility of NOAA Fisheries. Management of U.Stribute significantly to the economy of the Na-
fishery resources is an extremely complex procetssn. Commercial landings in domestic ports to-
requiring the integration of basic and applied riled 4.3 million metric tons (mmt) valued at $3.5
search, outputs of sophisticated stock assessnidtibn (ex-vessel) in 1996Maximizing the long-
models, socioeconomic factors, and allocatiotesm potential yield of the Nation’s fisheries is
among user groups to maximize the benefits of étxecomplished through the acquisition and inter-
resource to the Nation. At the very foundation pfetation of information, a commodity with in-
that process, however, are fishery resource datimsic value, and with a cost associated with its
The vision statement in ttNOAA Fisheries’ Stra- acquisition. Management risk may also be given
tegic Plancalls for credible, high-quality sciencenits of cost; it is the cost of making a manage-
supporting the NOAA Fisheries mission and minment error in terms of lost scientific credibility
mizing risk in management decision-making. Rand public confidence, lost revenues resulting
liable, up-to-date, and accurate scientific informfxom overfishing, and/or lost ecological integrity.
tion is required to ensure continued sustainable sereasing the quantity and quality of informa-
of healthy stocks and to develop and monitor thien that feeds the management process comes at
progress of rebuilding programs for overfishealcost, but also diminishes risk. It is incumbent
stocks. upon natural resource policy makers, with input

from stakeholders, scientists, and managers, to

The types of data used in fisheries manadmlance the cost of information with the risk of
ment are nearly as diverse as the list of organisiaising to build sustainable fisheries due to inad-
the data represent. Likewise, the data come freguate quantity or quality of information (Fig. 2).
a wide variety of sources. Dock-side sampling pro-
grams gather data from commercial and rec
ational fisheries landings. Observers are pla
on commercial vessels to obtain information
bycatch, which is not represented in dock-si
landings. Satellites are used to obtain sea sur
temperature and ocean color data. Vessels are
tered from private industry and universities f
certain types of at-sea data collection. Howev
dedicated fisheries research vessels (FRVS), ar
most critically important tool in NOAA Fisheries
marine resource data collection regime. Fully co
mitted to fisheries missions, FRVs provide a co
sistently available research platform, protecting
integrity of long-term data sets. Purpose-bu i A ﬁ".m
ships are multi-capable, allowing simultaneo! it
biological and oceanographic sampling, and faciti-
tating shifts among gear types. They meet safeffjgure 1. United States Exclusive Economic Zone.
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High

— Risk

Low

National Marine Fisheries Service (NMFS),
brought to the new agency 11 FRVs of varying
age and condition. One of the primary missions
of the agency then was fisheries development, di-
High rected toward exploring the potential of the
Nation’s underutilized fisheries, and the fleet of
FRVs were adequate for that purpose.
Cost----
Things have changed dramatically since
then. During the 1970s, the development mission
was largely phased out and stewardship legisla-
tion was enacted. As of December 31, 1996, 39
Fisheries Management Plans (FMPs) guided the

Low

use of 727 species of marine organisms. Of those

— Information (Quantity/Quality) —» species, NOAA Fisheries found that 86 (12%)

were overfished, 183 species (25%) were not over-
fished, and 10 species (1%) were considered to

be approaching an overfished condition. The sta-

Figure 2.

Balancing the cost of obtaining
information with the risk of
management error due to
inadequate information.

tus, relative to overfishing, of the remaining 448
(62%) species was unknown due to insufficient
How much of an investment are we conttata? In that same year, 855 regulatory actions
pelled to make in information accuracy and preeiere processed via the Federal Register, to imple-
sion to offset the risk of making management enent FMP actions and rules for domestic fisHing.
rors which jeopardize sustainability of the Nation’s
marine resources? The objectives of this report At atime when FRV-based data demands to
are to: 1) identify overall data requirements; agdequately manage, protect, and restore the
illustrate how the requirements are prioritized; 8)ation’s fisheries are intensifying, NOAA's FRVs
examine alternatives and possible service provate fast approaching the end of their useful lives.
ers to determine the most cost-effective meandfrrently, the fleet consists of eight, dedicated
meeting the requirements; and, 4) describe a BRVs, two-thirds time use of a NOAA survey ship
tailed data acquisition plan to meet the data ed about 4-1/2 ship years of fishing industry char-
guirements. ter vessels. Seven of the eight NOAA FRVs wit-
nessed the formation of NOAA in 1970, bringing
This report sets the stage by discussing tive average age of the vessels to over 34 years.
history of the fleet and evolution of NOAA Fish-
eries’ mission to put the existing status in context. STEWARDSHIP LEGISLATION
Changes in legislation, management philosophy,
and technological advances, and how they influ- New opportunities to improve stewardship
ence opportunities to improve fisheries manag#-the Nation’s living marine resources were cre-
ment through increased data acquisition are ated through changes to the agency’s guiding leg-
viewed. The variety of data required to properiglation. However, capitalizing on these opportu-
manage marine resources and how they feed inities will require sufficient fiscal support. NOAA
the management process are outlined. A deschjsheries operates under many laws and mandates;
tive list of assets available to meet current atite three most important are discussed here.
projected at-sea data requirements is given, and
the appropriate mix of these ships and technoMagnuson-Stevens Fishery Conservation and
gies, devised through planning and analysis,M&nagement Act (MSFCMA)
presented. Finally, tHeata Acquisition Plarmand
its implementation are discussed. The MSFCMA has had a strong requirement
for research since its passage in 1976 (16 U.S.C.
HisTorY oF THE FLEET AND EvoLuTION 1801 et seqd. The national standards required
oF NOAA FIsHERIES’ M ISSION Fisheries Management Councils to manage fish-
eries for the optimum yield from each fishery,
When NOAA was established in 1970, thigased on the best scientific information available.
Bureau of Commercial Fisheries, then renamed tebsequent amendments have strengthened the
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scientific basis and requirements for managing teactive management towards adaptive manage-
fisheries. The passage of the Sustainable Fishegnt, allowing maximum catches with reduced
ies Act (SFA) in 1996, which amended thisks for the fisheries.
MSFCMA, has provided additional specific policy
and management framework to prevent overfish- The MSFCMA contains EFH provisions
ing, rebuild overfished stocks, ensure conseremd mandates a supporting program to describe
tion, facilitate long-term protection of essential figind identify EFH, to identify and evaluate actual
habitat (EFH) and to realize the full potential ahd potential adverse effects on EFH (including
the Nation’s fishery resources through a progrémth fishing-related and non-fishing related im-
for the conservation and management of thosepeets), and to develop methods and approaches
sources. The SFA provides, among other thingsconserve and enhance EFH. The ultimate goal
an additional national standard for bycatch, sp#the EFH research described is to link fish pro-
cific guidance regarding several scientific studigfctivity to habitat. This not only provides infor-
and encouragement to expand annual assessmeratton for the protection, restoration and main-
tenance of marine habitat, but also advances our
The amended MSFCMA now requires moubjectives to provide sustainable fisheries.
stringent standards in the identification of over- S
fished stocks within the EEZ and requires the re- EFH research will focus on: 1) enhanced . new legislation
vision of the definition of overfishing for practibiological sampling to document life history, dis- created opportunities to
N . . . ._improve stewardship ...
cally every stock managed under an FMP. Ovgibution and abundance of fisheries species, in-
fished stocks, in turn, require rebuilding plansluding habitat relationships to growth, mortality
Bycatch reduction and EFH must now be addresaed productivity; 2) characterization of continen-
specifically. tal shelf and slope benthic habitats and the rela-
tionships between these habitats and the distribu-
The amended MSFCMA stresses, more thiggns and abundances of fisheries species; 3) iden-
ever, that collection of reliable data is essentialtification of habitat that contributes most to sur-
effective conservation, management, and scientifical, growth, and productivity; 4) identification
understanding of our fishery resources. In the fadéhabitat important for recruitment; 5) determi-
of an ever-growing list of stocks shifting from vimation and evaluation of adverse effects on habi-
gin or underfished to fully utilized or overfishetht from point and non-point sources, harmful al-
status, and the overcapitalization of fisheries, gl blooms, hypoxia, endocrine disrupting chemi-
formation that was acceptable ten years ago is rwalg, and pathogens; 6) identification of impacts
inadequate for the effective management of fisif-fishing gear on habitat of managed species; 7)
eries. These situations, as in the West Coast andst of the harvest refugia concept for selected
Alaskan groundfish fisheries, highlight the neegleas and managed species; and 8) development
for more and better research. These concerns veéneew methods and approaches for restoration
emphasized throughout the MSFCMA reauthoof degraded habitats.
zation process.
Lastly, the Secretary of Commerce was di-
A solid scientific backing can reduce the urected to establish a panel to provide advice on
known, refine the known, and provide a bett@ays to incorporate ecosystem principles in fish-
analysis of the alternatives for management. Ceiies conservation and management activities.
rently, the status relative to overfishing of approsiihe Panel, which will produce a Report to Con-
mately 60 percent of our stocks is unknown. Rgess by October 1998, is expected to call for ex-
search can reduce that list, and help establishpaded research on ecosystems.
search priorities for stocks of concern. Better as-
sessments can provide more accurate abundanagne Mammal Protection Act (MMPA)
estimates and better forecasts of future abundance,
reducing the uncertainty in allocating quotas, and The primary goal of the MMPA is to main-
lowering the costs of following the precautionatgin the health and stability of the marine ecosys-
approach. Better assessments also invoke mene. Consistent with this objective, all stocks of
confidence from the fishing industry, encouragimgarine mammals should be maintained within
better compliance with management measurgir optimum sustainable population levels. In
Better research in bycatch, EFH, life history, akéeping with this goal, the MMPA requires NOAA
ecosystems holds the promise for progressing freisheries to monitor the status of all seal, sea lion,
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and cetacean stocks that occur in waters under th8. worldwide protection of threatened and en-
jurisdiction. Stock assessment reports must adangered species.
clude a description of the geographical range of
the stock, information on the population dynam-  From a fishery management perspective, the
ics of the stock, estimates of the total humamost consequential provision of the ESA is the
caused mortality by source, and estimates of tleguirement for federal agencies to consult under
maximum level of direct human-caused mortaligection 7, to ensure that federal actions do not jeop-
that the stock can sustain. ardize or adversely affect threatened or endan-
gered species. This requirement means that
The statutory guidance for the quality of iIlNOAA Fisheries must have reliable information
formation included in stock assessment reports abn which to base a biological assessment of the
in management decisions is to use the best aveffects of commercial fishing operations on listed
able scientific information. However, maintainspecies. The assessment of impacts upon listed
ing up-to-date, high quality information on apspecies includes direct and indirect effects of fish-
proximately 150 stocks of marine mammals is nioy, and necessitates adequate status and trend in-
feasible, and NOAA Fisheries must establish pfermation and an understanding of ecosystem pro-
orities for data collection under the MMPA. Theesses.
consequences of using information or estimates
with high uncertainty vary. Where human-caused Research and development of new technolo-
mortality approaches or exceeds sustainable lgies to mitigate or minimize the impacts of fish-
els for depleted marine mammals, imprecise ing operations require substantial scientific effort.
formation could have a dramatic effect on the réhe status of listed species is recognized as pre-
covery of these stocks, or could result in majoarious; therefore, the need for reliable and timely
disruption of economically important activitiegnformation is critical. Where fishing operations
potentially affecting the stock, particularly comaverlap the distribution of threatened or endan-

mercial fishing. gered marine species, high quality information is
essential to avoid management decisions that
Endangered Species Act (ESA) would be unnecessarily risky for the affected spe-

cies or unnecessarily restrictive for the fishing
The principal purposes of the ESA are fieet.
conserve the ecosystems upon which threatened
and endangered species depend and to develop FUTURE oF AT-SEA RESEARCH
programs for their recovery. These programs, in- AND MONITORING
cluding scientific research and management ac-
tions, may be conducted by state or federal enti- As plans are made to replace the aging and
ties, or through international agreements. technologically obsolete research fleet, it is im-
portant to understand how marine resource stew-
Embedded in the details of the law are seardship and the policies and technology to sup-
eral provisions that require research or monitquert it have evolved since the advent of NOAA,
ing to assess the status and trends of listed speai@show they may change in the future. For ex-
and to identify and understand the various factemsple, during the lifetime of the current fleet,
within the ecosystem that affect listed specid$OAA Fisheries’ focus has evolved from fisher-
Specifically, the listing process requires scientifies development to resource stewardship. Changes
and commercial data regarding the status of spedata needs and advancements in the technol-
cies, effects of destruction or modification of habdgy available to meet them have surpassed the ca-
tat, effects of utilization, particularlypabilities of the current fleet. Careful planning
overutilization, for various purposes (includinwill ensure that the new ships will be able to ac-
incidental use), and the effects of disease, predammodate new needs and technologies over their
tion and other natural or anthropogenic facto3®-yr service life.
affecting the species. Once a species has been
listed, NOAA Fisheries must reexamine its status Living marine resources and the environ-
periodically to evaluate the continuing need foments they inhabit represent profoundly dynamic
protection under the ESA. The ESA also encosfstems, which introduces an element of uncer-
ages international cooperation in species reseawaihty into their management. Many shifts in re-
and cooperation as a commitment of the U.S.gearch and management approaches anticipated
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over the next few decades are intended to deal withd information on species that may be the preda-
uncertainty. Precautionary principles establishéers or prey of target species. To provide this in-
by recent UN agreements call for a more conseéreasingly complex information base, NOAA re-
vative balance between protection anguires a new generation of vessels that are ca-
sustainability of abundance levels versus maximigable of collecting synoptic oceanographic and
ing catch leveld. Accounting for uncertaintiesmeteorological data along with information on
must be addressed in each step of the managerfisht protected species, and their habitats.
process, including management plan development,
monitoring, research, stock assessment, and en- NOAA Fisheries will continue to meet at-
forcement, and will impose additional demandiea research and monitoring needs with a plan that
on both quality and quantity of data. NOAA FisHully capitalizes on available assets. Partnerships
eries has a plan in place to implement these prate an integral part of NOAAs current at-sea re-
ciples into its management process, and vesselgearch program, and will have an expanding role
placement is a component of that pfan. in the future. One of the five major fishery re-
search goals established in NOAA Fisherkisa-
The concept of adaptive management is biegic Plan for Fisheries Resear@hto improve

ing explored in fisheries re-

search and management. In this
concept, each change in man
agement regulations may be
thought of as an experiment
with a hypothesized outcome.
Only with sufficient data collec-
tion can the effectiveness of
regulation changes (the results
of the experiments) be objec-
tively measured. This is par-
ticularly important with respect
to stock-rebuilding plans, as re-
quired in the amended
MSFCMA. Once a plan to re-
build overexploited stocks is
implemented, adequate data tg
monitor its success are impera
tive to plan evaluation.

“... the absence of
adequate data is the pri-
mary factor constraining
accurate stock assess-
ments. .... Thus, if future
stock assessments are to
avoid some of the past
problems, management
agencies must devote the
necessary resources to
monitor and investigate
fish populations in a
stable research environ-
ment that fosters creative
approaches.”

—National
Research Council
Ocean Studies
Board

1998

Marine reserves are being
investigated as a means of hedg
ing against recruitment failures,
management errors, and for use
as controls in comparisons of
exploited to unexploited re-
sources and habitats. Expand-

the effectiveness of external

partnerships with fishers, man-

agers, scientists, and other in-
terested groups to build a bal-
anced approach for addressing
fisheries research. Partnerships
established to meet at-sea re-
search and monitoring require-

ments, and to advance the sci-
ence used to meet NOAA Fish-

eries’ stewardship mission, are
numerous and diverse. Among
the five Fisheries Science Cen-
ters, partnerships with at least
48 academic institutions, 21

state organizations, 15 private
industry organizations, 22 in-

ternational entities, and 25

other federal organizations

have been identified (Appendix

A). Partnerships to accomplish

at-sea data collecting will ex-

pand in the future, with char-

tered vessels conducting a
growing proportion of at-sea

work.

ing spatial coverage of standardized stock abun- ThePlan provides both the reliability and
dance surveys to help study the merits of marifiexibility required to meet current research and
reserves are supported by the NRC review. monitoring program needs, while keeping an eye
to the future. The fisheries management arena is
Ecosystem approaches to management hadynamic system; the resources are inherently
caught the attention of Congress. There is a grov@riable and changes in technology, policy, legis-
ing awareness among fisheries scientists and mition, and economics all influence the manage-
agers that such approaches may offer advantaget process. ThiBlan, which couples a core
over traditional single-species approaches for tfieet of dedicated FRVs with the use of chartered
development of more sustainable fisheries. Eceessels, is designed to be responsive to changes
system approaches require significantly more itf-the biotic, physical, chemical, and human com-
formation including marine environmental datponents of this dynamic system (Fig. 3).
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Balancing Ships and Science

entific principles are the same. Long-term trends
in stock abundance indices allow population sizes
to be tracked. Landings data allow fishing mor-
tality rates to be calculated. Data on life history

[Dynamic Data Need% parameters enable population demographics to be

Current FRVs monitored over time, which is essential to predict
New FRVs Legislative changes population responses to management changes.
. The process through which new year-classes re-

Aca.der.nlc fleet StOCk_ Stétus_ Changes cruit to a population is studied by sampling for
Fishing fleet Shifts in fishing effort eggs, larvae and juveniles within the ecosystem

Costs, availability, abilities. .,

Regulatory changes context. This requires data on relationships be-
tween climate and the currents which influence

pre-recruit distribution, predator and prey species

dynamics, habitat requirements, etc. Each of these
types of data and how they are used to manage
fisheries is described in detail below.

Species, confidence, Status

Biological, physical and chemical data are

integrated into models that describe, and, when

Figure 3.

The vessel replacement plan
is flexible to allow changes in
the ship mix in response to
dynamic data needs.

possible, predict stock status. Results of this pro-
cess are used to determine levels of fishing mor-
DATA REQUIREMENTS tality that allow long-term sustainability. Socio-
economic factors are incorporated into the process
Requirements for at-sea research and assasstevelop harvest strategies that allocate the
ment data will be detailed in this section by exxarvestable surplus among stakeholders. The qual-
amining two important facets, data quality anily and quantity of the data upon which this pro-
quantity. First, the many types of data needeckss is based greatly influence the likelihood of
how they feed into the management process, am@ximizing economic benefits of the Nation’s liv-
their relative importance will be discussed. Theing aquatic resources over the long term.
the process through which survey duration and
frequency, driven by statistical confidence crite- Stock Abundance
ria, are determined for individual missions. Fi-
nally, a discussion of how data needs are priori- One reason fisheries management continues

tized will be addressed. to be challenging, expensive, and contentious is
that the most important type of information neces-
What Kind of Data? sary to meet management demands is so illusive: a

measure of stock abundance. To know how much
The types of natural resource data necessafya stock can be harvested while still ensuring its
to ensure sustainable use of living marine réong-term sustainability, it is necessary to know
sources are nearly as diverse as the list of orgwow many organisms comprise that stock. It
isms they represent. However they can be dividedunds basic, yet consider that estimating stock
into categories: 1) stock abundance; 2) exploitabundances often requires enumerating a moving
tion — commercial and recreational fisheries; 3arget in an open system that is huge, fluid, three
life history parameters; 4) ecological/ecosystedimensional, and generally out of sight. The ap-
relationships; 5) recruitment research; and, fjoach to this problem has been to conduct fish-
synoptic oceanographic sampling. Each of theegy-independent surveys to develop an index of
classes of information are valuable to the marelative stock abundance. Ideally these surveys are
agement process, and obtaining each type requicesiducted using standardized gear, vessels, and
a unigue strategy. temporal and spatial coverage to maximize the
validity of trend analyses.
Data from each of these sources are essen-
tial to NOAA Fisheries’ stewardship missionand  Target species, habitat, and the life stage be-
form the foundation of the management procegsy surveyed all determine the most appropriate
(Fig. 4). Data assimilation and analysis for fistsurvey method and platform type. All of the fol-
eries management varies greatly among the stotwwing methods rely on the use of ships. Bottom
managed through FMPs, but the overriding sdirawls are used to measure abundance of demersal
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fishes such as rockfish. For marine mammal spéth respect to location, timing, sampling gear,

cies, visual counts along a line transect are maated other considerations of statistically valid sur-

Surveys of eggs and larval fishes are conductegley design. NMFS should support the long-term

estimate spawning stock biomass of species soelhection of fishery-independent data, using ei-

as sardines, herring and anchovies. Hook and timer the NOAA fleet or calibrated independent ves-

methods are used for species such as tunassatsl Diminishing the quality of fishery-indepen-

sharks. Hydroacoustic surveys are used to devalept data by failing to modernize NOAA fishery

stock abundance indices for midwater species stedearch vessels or by changing sampling meth-

as pollock and whiting. ods and gear without proper calibration could re-
duce the usefulness of existing and future data

Collection of stock abundance data on fisbets”®

ery-independent cruises is critical to minimizing

bias. This fact was reinforced in a National Re- Exploitation

search Council review of NOAA Fisheries’ stock

assessment method$;ishery-independent sur- Landings Data: Fishery landing statistics

veys offer the best opportunity for controlling samprovide a measure of counts, biomass, and spe-

pling conditions over time and the best choice fdes composition of organisms harvested from

achieving a reliable index if they are designed wetbcks and allow fishing mortality rates to be cal-

Com./Rec. Fisheries At-Sea Research
eLandings «FRVs
S:nflfolrltn =RVs
Biological Biological
LF Parameters Fisheries Est Parameters
. Recruitment
Age-Length Key Catch-Age Spawning dicti
L/W Indices of —Matrix Biomass. Indices of .. Prediction
Stock Abundance Stock Abundance
(CPUE/Landings) & Recruitment
Stock Assessment
Fishery Stock Prediction Fishery
Dependent Model Independent
Catch Recruitment
Scenario Scenario
Quota
Recommendation

Science
Statistical

=
v

Committee

orc) \ Hshery ManageMéh
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Figure 4. Flow of fishery-dependent and -independent data through the management process.
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... at the very founda-
tion of the management
process are fisheries ie¢-
source data ...
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culated. These data are collected through a nyartise and reflects NOAA Fisheries’ commitment
ber of programs. dock-side sampling progrartsmaximizing the research contribution of the fish-
obtain data on actual landings. Logbooks, maing industry and other non-government partici-
tained by fishing vessel operators, provide adgiants.
tional data on the area of catch and the amount of
fishing effort expended. Observers on board some Life history parameters
fishing vessels verify logbook data and collect in-
formation on total catch, including discards and Life history data are key to determining the
bycatch. Fishery catch-per-unit-effort (CPUE) imte of exploitation that a fish stock can sustain.
calculated from these data, but must be used withta on the age and sex composition, age at first
caution. Changes in fishing power (e.g. improvethaturity, fecundity, reproductive seasonality, mean
gear technology, use of satellite data to locate figf@neration time, and natural mortality rates of
and management regulations make standardizapopulations of organisms are collected by means
of effort difficult, rendering trend analyses invalicof fishery-independent surveys. These data are
used as input into stock assessment models that

Bycatch Data: Approximately 27 millionestimate total allowable catch (TAC) levels. The
metric tons (30 million tons) of bycatch are digjoal is to maximize economic benefits to the Na-
carded each year in the world’s fisheries, compatesh, while ensuring long-term sustainability. Col-
to a total of about 77 million metric tons (85 millection of life history data from landed specimens
lion tons) of landed catéh In 159 distinct U.S. determines the degree to which gear/fisher selec-
fisheries, bvcatch discarding affects at least 1#@ty changes the species, age, sex, etc. composi-
species or species groupgsinfish, crustaceanstion of the catch relative to the stock.
and mollusks comprise a majority of these spe-
cies or species groups, while protected species Ecosystem Approaches
such as marine mammals, sea turtles, and sea birds
make up most of the remainder. Scientists are con- A basic premise of ecosystem-based manage-
cerned about the effects that large-scale removaksnt is that relationships between resources and
of certain species, age, and size classes haveéhenecosystems within which they exist must be
the sustainability of fishery resources and on thell understood. This requires a more compre-
functioning of marine ecosystems. From an edtensive approach to fisheries research than is nec-
nomic perspective, there is concern that bycats$sary for traditional single-species management
precludes better uses of living marine resourcapproaches. Recruitment and growth cause stock
Further, there are ethical concerns about bycatdbismass to increase, and natural and fishing mor-
potiential waste of protein resources and assdality cause it to decrease. In single species man-
ated failure to fully utilize harvested living maagement, these four variables are often approached
rine resources. The MSFCMA responded to thesethough the species lived in a vacuum, unaffected
concerns with a new National Standard whidly other species and its environment. An ecosys-
states:Conservation and management measutesn approach is more holistic, allowing the stock’s
shall, to the extent practicable, (A) minimizeslationship to other species and to its physical
bycatch and (B) to the extent that bycatch canmatvironment to be considered (Fig. Huccess-
ve avoided, minimize the mortality of such bycatéhl implementation of ecosystem-based manage-
This standard constitutes the overall guidance andnt will require consideration of essential habi-
direction on bycatch for U.S. fisheries. tat requirements, hydrography, trophic relation-

ships, and physical and biological processes.

To properly address bycatch, conservation
engineering research is needed. Chartered ves- Fishing affects ecosystems through: (1)
sels continue to play a key role in the developycatch and discards of nontarget species; (2) al-
ment of gear, gear modifications, and fishing praeration of trophic relationships between target and
tices to reduce bycatch. This research rarely dentarget species; and (3) alteration of habitat. In
mands long-term vessel continuity or specializedme cases, such as New England groundfish, fish-
vessel requirements beyond what can be foundrig appears to have significantly changed the rela-
current commercial fishing fleets. Chartered vasse abundance of species in the ecosystem, and it
sels are actually preferred, since the goal is to éhnot clear that these changes are reversible. More
plicate commercial fishing operations. The suitformation is needed to determine the long-term
cess of this research relies on existing industry effects of fishing on all our fisheries ecosystems.
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The SFA requires that the essential hab
needs of all species covered under FMPs be knc Recruitment
NOAA Fisheries scientists are currently using i
vanced technology such as submersibles

Species 1

multibeam sonar, and geographic information s Growth +

- Fishing Mortality
tems to characterize and map the distributior

that habitat. NOAA Fisheries scientists are a

- Natural Mortality

working with the commercial fishing industry i
several high-bycatch fisheries to estimate total |
mass removals due to fishing, and to deterrr
the impacts these removals may have on nor Predation

get species and the ecosystem generally. Tc yy
fectively implement ecosystem approaches to fi
eries management, it will be necessary to kr
more about the habitat requirements of both ta

and nontarget species. R - N+
Species 3

Process studies are critical to our understz G -F
ing of the effects of environmental variability ¢
fish growth and survival. These studies have b Bycatch
conducted in several key fisheries ecosystems (
Georges Bank, Gulf of Alaska, Bering Sea), |
have focused on a limited number of species ¢

very small spatial scale. Species

Factors

Water Quality
Habitat

“F «J

Recruitment Research

Environmental

-N Climate Cycles

A major concern of fishery managers is bie

logical overfishing which has two componentiwing five estimates of the relative numbers qjigure 5

growth overfishing, and recruitment overfishingmall plaice in the population before the animals

Growth overfishing occurs when excessive fishre large enough to land. Single species approaches
ing mortality co-opts future gains in biomass (upper section) neglect the

through growth. Recruitment overfishing implies  Recruitment research seeks to reduce sciésrﬂ

luences of factors such as
ecies interactions, fishing

a rate of fishing mortality that leads to there beiti§ic uncertainty in management decisions by taktfort, and environmental
insufficient new fish (recruits) to replace the pageting the underlying physical and biological prazonditions on stock status that
ents who produced them. Thus, recruitment oveesses that influence the abundance of mari#@ captured in multi-species
fishing implies the depletion of the underlyingesource populations. This activity includes prc?‘-p'oro"’mhes (lower section).

spawning capital which produces fishery yieldsss-oriented studies that focus on 1) the causes
over the long-term. of recruitment variability, 2) compensatory feed-
back mechanisms, and 3) species interactions
To monitor recruitment, assessment survegmong the trophic levels of predators and prey.
are typically conducted with sampling gear
equipped with small mesh sizes that can capture Recruitment is particularly relevant to short-
very small animals. To predict future landings atekm management decisions, such as setting a har-
stock sizes, estimates of the survival of fish alest limit (quota) on next year’s catch. Often the
ready large enough to be retained by commeraiatruitment estimate is the most tenuous infor-
gear must be combined with estimates of the mation product used to set quotas. Compensation
coming recruitment. Depending on the speciés,more significant in the longer term. Because
research vessel surveys can allow extrapolatiorobthe commingled sources of recruitment vari-
the strength of incoming age classes up to seveuaility, it is often not possible to demonstrate or
years before they are legally allowed to be landegiantify the existence of compensation. This
For example, American plaice reach the minimumanslates into greater uncertainty in quantifying
size for landing (14 in.) at about age 6. Fisheihye effects that management decisions will have.
independent trawl surveys begin to sample AmeSipecies interactions are also relevant to long-term
can plaice during their first year of life, thus amultispecies management. Very little is known

- 11
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about the indirect impacts fishery removals hawédiminishing returns for survey duration or fre-
on nontarget species, and on the ecosystem asiency by comparing improved precision with
whole. In practice, species or fishery stocks caurvey costs is essential to being good stewards
tinue to be managed as if they were biologicaldf fiscal resources. The process by which survey
independent of all others. The continuing lack déiration and frequency are determined is discussed
progress in scientific knowledge of ecosystem figere.

lationships hampers progress towards the goal of

true multispecies management. Precision Issues

Synoptic Oceanographic Sampling The duration of individual resource assess-
ment cruises is primarily related to the need to

Fisheries assessment cruises must incluample populations intensively enough to provide
systematic oceanographic sampling. Informatiomeaningful information (i.e., with “acceptable”
such as temperature, salinity and nutrients at dejtkigls of precision and low potential for statistical
meteorology, plankton composition and biomadsas) in the context of stock assessment and man-
and even currents is collected by vessels eitheraggment. The frequency of surveys (numbers of
station or between stations. This information ssirveys per year, decade, etc.) is determined prin-
needed to understand ecosystem functions aimhlly by the rate of change in stocks (e.g., popu-
the ecology of the target and nontarget specikdion size, recruitment), relative to how inten-
enabling predictions of future abundance to bively species are harvested. It is impossible to
made. Because these cruises are conducted estianate the relative or absolute size of popula-
regular basis, they also provide a low-cost meaims exactly, given the enormous geographical
of monitoring long-term oceanic trends. Fisheseales and the sizes and numbers of species that
ies and oceanography agencies, including NOAse our targets. Thus improvements in precision
Fisheries, spend millions of dollars each year fimust be balanced with the practical limitations of
the collection of such data, with a significant podiminishing returns at very high (and expensive)
tion of that expense associated with vessel chsampling rates.
ter. By collecting these data concomitantly with
ongoing assessment cruises, these costs can be The precision and accuracy of information

minimized. from resource abundance surveys are determined
by the frequency of sampling units (discrete sta-
Regional Perspectives tions or miles of transect surveyed), and the de-

gree to which the sampling gear can be deployed

Each of these types of data is a critical conw efficiently encompass the geographic range of
ponent of the total data needs to adequately mibettarget species or species grbiipe relation-
the NOAA Fisheries mission and mandate. Tkhip between the number of stations occupied (or
U.S. Exclusive Economic Zone can be divided inb@ansect miles sampled) and the precision of abun-
six distinct ecosystems, Gulf of Alaska-Bering Sedance estimators is an (nonlinear) increasing func-
California Current, Pacific Oceania, Gulf ofion. The relationship between sea days and ef-
Mexico-Caribbean, South Atlantic, and North Afective sampling effort can be complex, owing to
lantic. Additional research is also conducted ihe logistics involved in steaming to, from, and
the Southern Ocean, per legislative mandate. Eheltween sampling locations, (i.e. there is an over-
of these ecosystems is unique, and as such, pead of sea days that depends on the location of
sents unique opportunities and challenges to mtoe first and last stations relative to home port).
agement that promotes long-term sustainability

(Appendix B). Precision of survey abundance indices is rou-
tinely calculated for all NOAA Fisheries surveys
How Much Data? (e.g., trawl and dredge sampling, line transects for

marine mammal/turtle surveys, and hydroacoustic
Development of a carefully reasoned stratansect sampling). As an example, abundance
egy for determining survey duration and frequenindices based upon Northeast bottom trawl sur-
is important for balancing data statistical criterizey data for demersal species such as cods, flat-
with acquisition costs. Meeting data precisidishes, etc. are more precise than those based on
criteria is essential to responsible stewardshiptdwl catches of pelagic species such as herrings
marine resources. Likewise, knowing the poiahd mackerels (Fig. 6).
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Estimates of sample precision are used
rectly when total population sizes of target ar
mals are extrapolated from the sampled part of fhe
population. When stock assessments are base
models of relative abundance over survey tir
series, precision of survey indices is a major com-
ponent of the “goodness-of-fit” of such models
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Farcent of Stocks

What is the relationship between the pre
sion of survey abundance indices and the numbers
of DAS dedicated to a survey? This question has
been comprehensively addressed by the Northgast
Fisheries Science Center (NEFSCppring and ]
autumn bottom trawl surveys are conducted eachaa;
year, and require about 48 DAS to sample the %
250,000 km area between Cape Hatteras, Noifth
Carolina, and the Gulf of Maine. Approximatel
335 half-hour bottom trawls are completed in each
survey, distributed according to a stratified rap-
dom survey design. Assessment information|is
routinely generated for about 50 important resoufce
species, and the survey provides information for
200+ species inhabiting the area. A measurelaf

Farcent
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Figure 6.

Precision of Northeast trawl
surveys for demersal and
pelagic stocks.

the precision of the abundance estimate for a spe-

cies is the standard deviation (SD) of the catch per
trawl haul (accounting for the location of stations

within unequally sized strata). Abundance indi-

ces and their variability, as well as the relatiop-

ship between sea days and numbers of statipns
completed were combined in an analysis relatihg
the percent change in the SD of the abundancg in-
dex to the change in DAS allocated to a sur
(Fig. 7). These analyses show, over three mgjor
groups of species (demersals, pelagics, and floun-
ders), that if DAS were reduced below the currgnt
level, the SD changes rather steeply, increasing by
over 50% with an approximate one-third redug-

tion in DAS. Conversely, by increasing DAS
one-third results in an approximate 20% reductipn
in SD. The general shape of this relationship rep-
resents a fair compromise between precision and
expense, especially given the need for vessel time
for other types of surveys conducted by the

NEFSC. As noted by the National Research Colin-
cil, substantial improvements in the precision pf
abundance measures for individual stocks (ithxb—
iting a portion of the survey region) are necessdry,
and can be accommodated with modest directed
increases in sampling intenstty.

The precision of transect surveys (e.fi.

% Change in SD of Abundance Index
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—Pelagics
Flounders
20 \
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Change in Days at Sea

hydroacoustic surveys for fish and line-transect
sighting surveys for marine mammals) is detq;i—

ure 7. Change in precision of autumn bottom trawl surveys for Northeast pelagic

mined by the number of miles of transect coverggh demersal fish and flounders with change in survey length from the standard 48-
(proportion of the area occupied by the species that duration (lines are almost identical and thus overlay one another).
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is sampled, and the spacing between these transects How often should resources be surveyed?
in addition to the inherent variability of the speSurvey frequency is primarily related to how
cies abundance (Fig. 8). The relationship betwegrnckly populations change relative to environ-
precision and spacing of such transects is approrental conditions and harvesting rates. Thus,
mately linear, but it differs among species asthce harbor porpoise populations change at a rate
stocks owing to aggregation patterns, ocearaf-about 4% per year, a two-year interval between
graphic features, and land masses. Famrveys is appropriate, particularly since the CV
hydroacoustic surveys conducted in the Berinflthe population estimate exceeds their annual
Sea, Gulf of Alaska, and along the West Coasdte of change. For plankton communities, mul-
the relationship between inter-transect distance dipe surveys within years are important, consid-
precision of survey abundance estimates (relateséng their short life cycle. Most fishery species
estimation error) has been estimated-or pol- require annual resource assessment (finfish and
lock at Bogoslof, the relationship is rather steeghellfish), since recruitment rates may vary by an
indicating that at critical spacing distances greatader of magnitude from year-to-year, and harvests
than about 15 n miles, the precision of the egt&tes may be high. One such case is North Atlan-
mates degrades quickly. This is due to the éicsea scallop, where very high harvest rates have
tremely “patchy” distribution of pollock in thisrendered it a “recruitment fishery,” heavily depen-
area. Conversely, pollock on the NW and SE shé#nt on small recruiting animals.
are more uniformly distributed, and the relation-
ship between error and transect spacing is less Examples of How Survey Duration Is Set
steep. For all these stocks, the current spacing
width and associated estimation errors are circled. Precision requirements set the criteria for
The current sampling effort produces relativegampling intensity, and life history characteristics
precise abundance measures (error <15%). such as length of life cycles, distribution patterns,
and habitat preferences all influence sample size

needed to meet precision criteria. These principles
0.45 T [ [ | are all used to develop sampling strategies for
1 1 Bogoslof Pollock| | stock assessments of species or species groups
0.40 .
- 2 W. Coast Whiting covered in FMPs. Some examples of how the
L% 0.35 3 Shelikof Pollock [ duration of specific missions were determined are
provided below. Appendix C lists all missions
_5 030 4 SE Shelf Pollock needed to meet NOAA Fisheries’ data require-
g 0.25 5 NW Shelf Poliock | ments, including mission durations. The missions
b 3 4 highlighted in these examples are cross referenced
w 020 to that table.
-02) 0.15 2 -
% ' ~ & = A Bering Sea Example
I 0.10 ) 2 L —]
0.05 / /Lj’/ The North Pacific Regional Fisheries Man-
agement Council (Council) developed a Fisheries
0.00 Management Plan for Bering Sea Groundfish.
0 5 10 15 20 25 30 35 40 45 50 55 Alaska pollock (pollock) is a major species in the
Inter-Transect Spacing (n miles) groundfish complex in the eastern Bering Sea
(EBS). The stock assessment model, used by the
Alaska Fisheries Science Center (AFSC), to pro-
vide the Council with an array of harvest options

for pollock requires a fisheries independent index

Figure 8. Precision of
hydroacoustic surveys
relative to distance between
line transects. The current
spacing width and
associated estimation errors
are circled.
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of stock abundance. The AFSC has developed a
Apart from the issue of precision, populaesearch hydroacoustic system that provides an
tion abundance indices may be biased if portioefficient (in both time and space) method of gath-
of the geographic distribution of a stock are neting the information on the abundance and com-
sampled, or are sampled differentially over timposition of exploitable pollock stock. The AFSC'’s
Such may be the case for Pacific whiting, whemesearchers working with the Council’s Bering Sea
the availability of DAS limits the ability to sampleéGroundfish Team have determined that a level of
this unit stock in Canadian waters. precision of 15% for the estimate will provide the
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Council with a reasonable level of certainty th&tveen mid-May and mid-June assure that the tran-
the information will lead to a correct managemeaition event will be sampled. Experience has also
decision. The EBS pollock in the US EEZ are dishown that survey time can be lost to bad weather,
tributed over a 100,000 square n mile area. 30 three “weather days” are added to each sweep,
obtain this level of precision, the for a total of 33 days of survey time. The ship
survey trackline legs need to requires four days to tran-
be spaced at 20 n mile sit to and from San Diego,
intervals, which results and requires one in-port

in a total trackline length day during the survey,

of 5,500 n miles. Travers- MEDLILLLS  bhringing the total to 38
ing the trackline at 11 knots DAS to accomplish the
requires 30 days-at-sea (DAS). However, 2 tos8rvey Appendix C; Survey 6.12). Any unused
midwater trawl tows are undertaken per day to ceteather days are used for opportunistic and pro-
lect biological samples for determining growtkess-oriented studies to improve survey perfor-
rates and age distribution, also needed by thi@nce and understanding of oceanographic in-
model, and to verify species identification offuences.

acoustic targets. Trawling adds 10 DAS to the

stock assessment cruise. An additional 10-12 DAS An Eastern Tropical Pacific Example

are required for two round trip transits to the

grounds from Dutch Harbor (7 DAS), calibration ~ The International Dolphin Conservation Pro-
of acoustic system (2 DAS), and weather days geam Act (IDCPA) includes a mandate that NOAA
DAS). An additional 19 DAS are added to thEisheries conduct assessments of dolphin popu-
cruise to extend the survey into northwestelations that are chased and captured in the purse
Bering Sea within Russia's EEZ. All these totaleine fishery for yellowfin tuna to determine
70 DAS for a cruise to survey the full range of thehether the activities of this fishery have an ad-
eastern Bering Sea pollock stock (Appendix ®@grse impact on dolphin populations. If an ad-

Survey 4.2). verse impact is detected, the definition of “Dol-
phin Safe” tuna will remain unchanged. Assess-
A California Current Example ments of dolphin stocks are conducted using well-

established line transect techniques. Based on ex-

The Pacific Fishery Management Councikensive experience surveys on these populations,
developed a Fisheries Management Plan for Wgst expected level of precision in the estimate gen-
Coast Groundfish that includes management @fated from a specific amount of survey effort can
many species of rockfisheSe¢bastespp.). The be determined. Thus, sea days for the surveys
stock assessments for rockfishes employ a comdie determined by deciding on an acceptable level
nation of fishery-dependent and fishery-indepenf precision in our results. For the upcoming
dent information. The strength of incoming (resruise, the target level of precision is a coefficient
cruiting) age groups in each year has been a majbvariation on the population estimate of 15% or
source of uncertainty in setting optimal harveltss. Three vessels will cover approximately
levels. The Southwest Fisheries Science Cenfd;,500 nautical miles with the search effort total-
has developed a juvenile rockfish survey off tHig approximately 30,000 n miles. The ships will
Central California coast that is able to measutenduct about 120 survey days each, steaming at
recruitment strength three to seven years (depeatiout 10 knots during daylight hours (12 hrs/day).
ing on species) before those recruits enter the fighsignificant amount of each daylight period will
able resource, providing management with an e spent approaching aggregations of dolphins for
traordinarily useful forecasting and managemepositive identification and estimation of group
tool. The juvenile rockfishes, at an age of a fesize. Based on previous experience this survey
months, are sampled just as they make the trarsstategy will result in encounter rates that should
tion from open water to bottom habitats where th&¢ adequate to meet the precision requirements
become unavailable to existing sampling method. this survey (cv=15%).  The survey will be
This happens in late spring each year, with somenducted from three vessels for a total of 360
variability as to the exact time. Initial pilot surDAS for one year, and for 2 years following that
veys determined that three eight-day sweepsuging 2 vessels at 150 DAS each (Appendix C,
sweep consists of eight nightly trawl transects @tirvey 6.19 & 6.27).
standard locations) of the regions conducted be-
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A Pacific Oceania Example A South Atlantic Example

The blue shark population biology and The South Atlantic shark longline survey
bycatch assessment in the Pacific Oceania de#es place annually over summer months (Ap-
system is conducted annually over two cruigg@ndix C, survey number 3.2) Since a total of 70
(Appendix C, Survey 5.5). To collect enoudhngline stations must be sampled to meet the pre-
specimens to monitor sex and size compositiéigion criteria, and 6 stations can be sampled per
state of maturity, and fecundity of blue sharks,dsy, a total of 12 DAS are needed to complete this
least 22 longline sets must be made. One longlnigsion. Transit time to and from the port and
set can be made per day (or night), so this requires station to station totals 15 DAS. Added to
22 DAS. Transit to and from the sampling areathits are 3 days to account for bad weather or un-
the subtropical front requires six DAS. A slack ehticipated delays, which brings the total require-
two DAS is allowed to accommodate gear breakent to accomplish this mission to 30 DAS.
downs and severe weather and sea conditions,
bringing the duration of this cruise to 30 DAS. A Northwest Atlantic Example

The second cruise is designed to assess Groundfish species in New England waters
oceanographic conditions and concurrent inféwe currently managed under an FMP developed
mation about blue shark movements in the walpyrthe New England Fishery Management Coun-
column. To provide sufficient data, at least fivd. The plan specifies management measures for
transects with 12 stations per transect are requidgtispecies comprising 22 stocks of demersal fishes
A single transect can be completed in one DASIch as cod, haddock and flounders. Assessments
so a total of five DAS are required for the ocearfor most stocks in the complex provide estimates
graphic sampling. An additional six to seven DA% current fishing mortality rate (F) and spawning
are needed to capture and track movements of Iskg@ek biomass (SSB) with moderately narrow con-
sharks in the water column. Adding three DASfidence intervals. Assessment results and advice
cover transit time and to accommodate unexped@dghe Council is provided through the Northeast
delays brings the total to 15 DAS. Together, thédeck Assessment Workshop (SAW) peer review
surveys total to a 45 DAS to meet the data pgocess. The advice is usually given as estimates

guirements of the mission. of the current values of F and SSB and their 80%
confidence interval (e.g., for Georges Bank had-
A Gulf of Mexico Example dock F=0.11, 80% CI=0.098 to 0.12; SSB=40.5

thousand mt, 80% CI=34.2 to 48.1 thousand mt).
Choices for survey durations are governétie assessments allow explicit probability state-

by two principles - they should be synoptic (i.enaents about the current condition of the resource,
snapshot in time), and should cover the full rangdative to plan guidelines for F and SSB (e.g., in
of each stock targeted. Synoptic is a relative tetR97 there was a 0% probability that the SSB of
in stock assessment in the Gulf of Mexico. M&eorges Bank haddock was > the 80,000 mt mini-
rine mammal surveys conducted over a 2-to-3npm biomass threshold required under the FMP).
period might be considered synoptic due to the
longevity of these species. Conversely, phy- Dataused in groundfish assessments include
toplankton surveys must be conducted many tingesnmercial landings, discards (where appropri-
per year, with special consideration to the repaje), biological sampling of the catch for age,
ductive season. The SEAMAP summer groundeights, etc., and fishery-independent estimates
fish survey is conducted annually in the Gulf of relative abundance. The centerpiece of New
Mexico (Appendix C; Survey 2.2). To meet tHengland groundfish assessments is the 35+ year
established precision criteria, a total of 250 trawil®e series of bottom trawl survey indices (Ap-
must be made. Eight trawls can be made on pieeadix C; Survey 1.1). Spring and autumn time
average work day, so the full survey requires Sgries exist for the USA, and these data are aug-
days. Two days are built into the schedule ragnted by Canadian trawl survey data for Georges
weather days, and transit time to and from pB@nk resources. A total area of 250,000 ksn
add another 3 days bringing the total DAS requigg#veyed with bottom trawls. Atypical survey will
ment for this survey to 37. make 350 half-hour trawl tows in the region, with

the distribution of these samples allocated ran-

domly within regional depth strata. The choice of
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the number of sea days to allocate to this survegpecies is also considered. Surveys may be con-
(currently 48) is based on the logistics of stagimlyicted on a species of little economic value, but
a survey over such an extensive area, combineich is an important forage fish for, or predator
with the appropriate precision required to give efn other stocks, or is a bycatch species.

fective assessment advice for about 50 important

resource stocks. Precision levels of assessments Summary

(haddock -- 11% ClI for fishing mortality rate, 17%

for SSB) have been appropriate for making in- The process for determining sampling strat-
formed and critical management decisions by thgies is clearly complex, driven by a combina-
Council and NOAA Fisheries. Precision of agion of ecology and logistics. Fiscal constraints
sessments varies substantially by stock, with tmit NOAA Fisheries’ ability to conduct stock
importance of the stock to the fisheries and likekkssessments on all managed species, requiring dif-
hood of the resource being overfished being theult decisions to be made on how ship-time is
primary criteria used in establishing precision rallocated among competing data needs. Currently,

guirements. status relative to overfishing is known for only
38% of the 727 stocks covered by FMPs (Table
A Southern Ocean Example 1). This means that for the remaining 62% of

FMP species, insufficient data exist to conduct a
Annual trawl surveys will be conducted alongtock assessmeht.

the Antarctic Peninsula to determine finfish big-
mass and around South Georgia Island to det Assessment Status of Fishery Mangement Plan Stocks
mine crab blomass. Since the first finfish survg Large Marine Ecosystem # FMP Stocks % Assessed % Unknown
along the _Pe_nlnsula was conducted_Just last yg Gulf of Alaska / Bering Sea - - 40
there are limited data to help determine what ley
of precision might be expected from various le LTl fles £z £
els of sampling effort. Experience has proven th Pacific Oceania 64 80 20
four stations per day can be surveyed. Trawling Southern Ocean N/A N/A N/A
I|m|t§d to daylight due_t(_) behaw_oral patterns q . . o ico/ Caribbean o 5 -
the fish. To meet precision requirements, 80 s
tions each will be sampled along the Peninsula 3 South Atlantic 84 2 "
the South Georgia sites. At four stations per dg North Atlantic 46 74 26
this accoun_ts for 40 DAS. Transitto gnd from th Atlantic-wide * 70 87 13
two study sites will add 14 DAS to this. Six day

. K Total FMP Stocks 727 38 62
will be spent in the port (2 days before, 2 betwe

. * This category includes shared stocks between the No. Atlantic/So. Atlantic/Gulf of Mexico and the Highly Migratory

and 2 after the surveys. This totals to 60 DAS| gycces

accomplish this mission (Appendix C; Survey 7.5:

Data Priorities VESSEL ASSETSAND ALTERNATIVE Table 1.
APPROACHES _

Because fiscal resources for fisheries man- Percent of species/stocks

- . . . . . covered by Fishery Manage-
agement are not unlimited, a hierarchical system In this section, alternative research platformsent pians with known status
of priorities must be set to ensure that the ma@std service providers are introduced and examefative to overfishing.
important data needs are met. First priority mused with the objective of meeting NOAA Fish-
go to endangered or threatened species. Forextes’ data requirements at the lowest cost. Four
ample, all marine mammals are protected, but speneral classes of assets are reviewed here: 1)
cial emphasis is given to the endangered spedleslicated FRVs, 2) UNOLS oceanographic ves-
among them. Among fish species, those that amds, 3) fishing industry fleet, and 4) advanced
overfished are also given high priority becausechnology.
adequate stock assessments and monitoring pro-
grams are essential to track the success of rebulitsheries Research Vessels
ing programs on these stocks.

Special Requirements of FRVs
Another consideration when setting priori-

ties is the value of the stock or species to the U.S. Modern FRVs are characterized by acoustic
economy. However, the ecological importance gfiieting, program versatility, modern specialized
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... new FRVs will be
quiet, versatile, and
state-of-the-art ...
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science laboratories and scientific equipmemiclude a number of special capabilities in their
seakindliness, and stationkeeping through dynardigsign. These include:
positioning, with adequate berths for scientists.
Such vessels support resource surveys through 1) Acoustic quieting to meet the Council for
trawling, longlining, hydroacoustics, visual obsethe Exploration of the Seas (ICES) standards for
vations, and simultaneous fisheries, oceangdroacoustic surveys. This is the most impor-
graphic, and environmental research. They hawét special requirement of new FRVs. Acousti-
accommodations for up to 19 scientists, enduramregly quiet vessels will reduce the noise at frequen-
up to 40 days, and a cruising speed of 14 knotsies known to disturb surveyed fish (less than
about 1 kHz), thereby increasing echo detection
New technologies for fisheries research thaitd reducing avoidance reactions of fish or ma-
improve quantification and identification of speine mammals. To reduce noise at the higher fre-
cies are important. Equally important is the abfuencies used to assess fish (usually 38 and 120
ity to integrate new sampling, measurement akidz), extendible transducers, e.g., mounted on a
data acquisition systems into resource surveys gaéterboard, should be used.
process-oriented research programs. Although
new technology may reduce the number of trawl/  2) Versatility of deck equipment, deck space,
dredge tows that are required for some specig$oratory space, to study the relationships among
the capability to conduct traditional resource sufranaged species, the food web, and the environ-
veys for many species, and the ability to collegtent upon which they depend in near real-time.
fish and shellfish will continue as a requiremerthis allows researchers to investigate multiple
In addition, to secure “ground truth” for remotaspects of a problem aboard a single vessel, to
sensing technologies (for example, hydroacousgienduct flexible missions, and to adapt to new
assessments) no foreseeable substitute existpfogrammatic demands that will likely emerge
specimen-dependent research (for example, rdaring the ships’ service life.
turity, fecundity, feeding interrelationships, age
and growth studies, and pathology). 3) Modern science laboratories and scientific
equipment. In addition to processing (wet) labo-
In addition to the capabilities of the existematories, the new vessels require laboratories with
ships, the new FRVs must accommodate thrgiable electrical power for supporting sensitive
important new technologies that improve the prgnalytical instrumentation.
cision of fisheries assessments and enhance pro-
cess-oriented research. These new technologies 4) A modern computer system for integrat-
are: ing meteorological, oceanographic, and

hydroacoustic, and positional data acquired
1) Research Hydroacoustics: Already in use fothrough ship’s sensors.

estimating semi-pelagic fish stocks, this

technology continues to develop rapidly. 5) Seakindliness (a smooth and stable ride)
Improvements in transducers and signal  is essential for investigators working in on-board
processing combined with use of multiple  laboratories. Violent motions can degrade and
frequencies are leading toward higher targeteven preclude operation of many scientific instru-

resolution and discrimination ments.

2) Video: Continuous developments in towed
camera arrays will improve real-time assess- 6) Stationkeeping through thrusters, inte-
ments of benthic epifauna; and grated with a dynamic (computer-controlled) po-

3) ROVs and AOVs (Remote- and Autonomousitioning system, to remain on-station for pro-

Operated Vehicles): These vehicles, equippishged sampling periods and to follow precise
with low light level cameras, can augment track lines in a variety of sea conditions are needed.
and extend population assessments to areas
where sampling is not possible by traditional 7) Adequate number of berths for scientific
techniques (reefs, rock areas). complement.In situ and laboratory experimen-
tation require a diverse team of scientists and sup-
To support the integration of these new tecpert technicians. Depending on the program, the
nologies into NOAA Fisheries operations and inscientific complement will require up to 19 staff.
prove the current fleet capabilities, the FRVs must
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FRV Safety Requirements operated at a reasonable cost, they could be in-
creasingly used in the NOAA Fisheries stock as-

In addition to meeting mission requirementsessment mission.
new FRVs should meet modern safety require-
ments, such as ABS classification, Coast Gudfishing Industry Fleet
Subchapter U regulations, and SOLAS lifeboat
regulations. Ship expected to use foreign ports The commercial fishing fleet is a valuable
should meet all applicable SOLAS regulations.resource to NOAA, and contributes significantly

to the pool of data used to manage fisheries. Many

The safety regulations in the USCG Rulesjissions are ideally suited for fishing vessels,
46 CFR Subchapter U, Oceanographic Reseamsinch as gear test studies, bycatch studies, and ex-
Vesselsrequire an inspected operator to meefpkoratory fishing. Chartered fishing vessels are
one-compartment flooding damage stability critetso appropriate platforms for standardized stock
ria, when carrying a scientific party. Meeting thisbundance surveys that use gears less sensitive
regulation requires a watertight bulkhead, remdtechanges in vessels, such as traps, purse seines,
controlled sliding watertight doors, an alarm syand longlines. Vans containing specialized acous-
tem, programmed, automated alarm points to mdiic- or laboratory equipment or dormitory space
tain the ACCU ABS unattended engine room stean sometimes be placed aboard these vessels to
tus, and an approved fire and smoke detection Sggaporarily enhance their capabilities.
tem. Production of a trim and stability booklet is
needed to demonstrate to the regulatory bodies Challenges to the use of commercial fish-
(ABS and USCQG) that the ship is safe which wilhg vessels include availability of suitable ves-
enable third party certification from ABS, USCGels, and continuity of availability. Standardized

and others. sampling often requires a relatively rigid sam-
pling schedule to maintain data continuity. When
UNOLS Research Vessels a sampling season coincides with a commercial

fishing season, the few charter vessels willing to
UNOLS vessels are designed for conductisift their focus from fishing to data collection
multidisciplinary oceanographic research for thll do so only at a prohibitive cost .
academic community. They cannot handle com-
mercial-sized trawls (e.g., they lack stern tra¥ddvanced Technology and Data Collection
ramps, multiple trawling winches, and catch han-
dling equipment) and pelagic longlines, traps, Many programs within NOAA Fisheries al-
purse seines, and active and passive hydroacoustidly use, or are actively developing, applications
gear, and thus do not meet the primary requitd-advanced technology for marine research and
ments of a FRV. Further, the UNOLS ships ameonitoring. The technologies most relevant to
not built to meet the ICES Standard of quietirganning for future vessel services generally in-
required for hydroacoustic surveys. However fishelve sensing marine organisms without capture,
eries oceanography, some visual observations, egéproadscale characterization of the marine en-
and larvae surveys, and environmental research¢aonment. The two major classes of technology
be carried out on UNOLS vessels. Collaboratieee those used aboard vessels (e.g., acoustic or
fisheries research programs between NOAA Fidhaser line technologies) and remote sensing (e.g.,
eries and academic scientists, such as GLOBp@ssive satellite or aircraft sensors, and lidar).
currently use UNOLS vessels and will continue f@chnologies used aboard vessels often demand
do so. special vessel requirements. In some special
cases, remote sensing technologies may replace
UNOLS ships are scheduled annually, whidhnctions previously requiring vessels, but more
has made use of these ships difficult. Althougiften their main value is to augment data collected
there appears to be some limited time availablegm vessel surveys with data that are unique or
requirements for recurrent vessel use in the saane taken at a larger scale.
geographic area at prescribed times would neces-
sitate modification of UNOLS scheduling proce- Acoustics
dures and commitment of blocks of time to NOAA  There are five main types of applications of
Fisheries programs. If UNOLS vessels were bultoustics either underway or under development
with fisheries survey capabilities and could be NMFS (Table 2) First, acoustics are presently
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Science Center

Survey Types

Abundance Surveys

search. Examples are the research on distribution,
abundance, foraging, behavior and aggregation of
fish and zooplankton, conducted by the SWFC.
Another example is the work by the SEFC on find-

AFSC Pacific Whltlng since 1974, Wallye pO”OCk since 1979 |ng and mapp|ng Spawning aggregations of Atlan-
AFSC | Fixed-array acoustics (SOSUS) for marine mammals t!c menhaden, and asse_ssme_nt of spatial distribu-
tion and abundance of fishes in general. The Na-
NEFSC | Small pelagics (herring, mackerel, butterfish, squids) | tional Marine Mammal Lab is experimenting with
. . SOSUS (SOund SUrveillance System), a fixed
SEFSC | Small pelagics, reef fish, sharks array of acoustic receivers that can detect marine
Locating Aggregations for Specialized Research mammals over wide areas of the ocean. The tech-
nology is very promising for many applications,
SEFSC | Menhaden spawning, grouper spawning but is unlikely to provide, by itself, the quantita-
SWFSC | Food chain dynamics tive abundance data needed. Current plans focus

NEFSC, SEFSC

Gear Performance

Specialized cruises for activity

on integrating SOSUS data with data from visual
shipboard surveys. Yet another example is the
work conducted by the NEFSC using hydrophones
to monitor harbor porpoise behavior in response

AFSC | Routine gear mensuration to sink gillnets.

AFSC | Vessel avoidance (with acoustics survey) The third application of acoustics is moni-
Telemet toring gear performance. The NEFSC and AFSC
~elemelry evaluate bottom and midwater trawl performance

NEFSC, SWFSC | Sharks by measuring wingspread, doorspread, headrope
height-depth, water temperature and indication of
SEFSC | Sea turtles catch to help standardize trawl surveys. The AFSC
SWFSC | Pacific salmon, habitat utilization glso conducts vess_el avoidance studles_to quan-
tify the response of fish to vessels conducting trawl
Bottom Characterization and hydroacoustic surveys.
AFSE|| CEmIEND EEes o @ S zey The fourth application of acoustics is the use
SEFSC | EFH, potential marine reserves of acoustic tags to monitor movement of animals.

Tags are affixed to study animals and their move-
ment is monitored by research vessels. Both the
used in developing indices of stock abundance f0EFC and SWFC are conducting work on sharks
mid-water, single-species aggregations of fislsing acoustic tags. The SWFSC also uses tags to
Use of this method is currently limited by the inmonitor salmon.
ability to distinguish among species, inability to
distinguish targets close to the bottom, and by the Finally, with the recent emphasis on EFH
substandard quieting of existing research vessdlsinition, quantification of bottom habitat using
Choices thus far have been to limit surveys to ge@oustic techniques has become an active area of
graphic areas dominated by single species, to usisearch. Recent advances in digital signal pro-
lize only biomass information without speciesessing have enabled quantitative descriptions of
identification (with limited management applicasea floor using conventional echosounders. This
bility), to begin research to identify either indimethod has low per-unit sample costs, enabling
vidual targets or schools from acoustic signals,lemoad areal coverage.
to deploy trawls upon contact with substantial
acoustic targets. Design features of the new FRVs Satellite Remote Sensing
(acoustically quiet, and equipped with a center- Satellite remote sensing can be a powerful
board to allow transducers to operate below ttu®l in fisheries oceanography research, fisheries
interference of the bubble sweep) will improve theanagement, marine protected species research
efficiency of hydroacoustic surveys. and management. There are four types of satellite
remote sensing applications common within
The second application for acoustics tecNOAA Fisheries: 1) broad scale environmental
nology is locating aggregations for specialized reharacterization; 2) location of special environ-

Table 2.

NOAA Fisheries projects that
use acoustic technology by
survey type and science
center.
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mental features; 3) telemetry using satellite ta|
and 4) real-time survey design (Table $ensors

Science Center

Application

now exist to provide data on sea surface tempg
ture, ocean color, wind speed and direction, §
surface height, wave height, and ice cover, an(
track vessels and tagged animals. Satellite ren
sensing is particularly useful for monitoring chan
ing oceanographic conditions, since it can provi
high resolution data synoptically, with freque|
coverage.

Significant progress has been made in |
utilization of satellite data in recent decades. T

All Regions

SEFSC

NEFSC

SEFSC

Envriomental Characterization (broad scale)
Location of Oceanographic Features / Habitat

Dolphins / gear interactions, transport in SABRE,
sea turtles in trawl fisheries

Satellite Tagging

Harbor porpoise, right whales habitat use (migration
paths and closed areas)

Sea turtles (behavior, time-at-surface), ARGOS drifters
for transport in SABRE

has occurred primarily because of increases SWFSC | Large pelagics
availability and improvements in access to sol
data, the development of user-friendly data p

cessing software, and increasing awareness of Assistance in Survey Design (limited)

AFSC | Marine mammal telemetry, Pacific salmon telemetry

utility of the data for fisheries research and mg
agement. This trend is likely to continue as nq
sensors become available. AFSC [ Sea ice / pinniped

NEFSC | Cetaceans

SWFSC | Research cruise design

NOAA Fisheries uses data from many se

sors, but four sensors/data are particularly impor-

tant. Advanced Very High Resolution Radionby its inability to see below the ocean surface.

eter (AVHRR) sea surface temperature (SST) d&atellite remote sensing, therefore, cannot repldegle 3.

are among the most commonly used remote sensitumeasurements. Satellite remote sensing is
ing data. The data indicate oceanic features sugstricted, in many cases, to cloud-free areas cﬁ{?

used to predict fish distribution for a wide varietynd floating instrument arrays are all necessary
of research or operational applications. to make observations beneath the surface and to
calibrate and validate measurements made from
With the launch of SeaWiFS in 1997, oceapace.
color data became widely available to the fisher-
ies and oceanographic research communities. Lidar
Ocean color can be used to look at large-scale pat- Lidar (Light Detection and Ranging) is a par-
terns of primary productivity in the ocean. In thgcularly attractive technology due to its ability to
future, it may be used to detect harmful algpénetrate the water column, and due to its opera-
blooms. Synthetic Aperture Radar (SAR) data caon from aircraft, potentially covering an area
be used to derive wind fields and identify uperhaps 20 times faster than a vessel could. How-
welling and downwelling areas for oceanographéwer, trial applications have often been limited by
research, track red tides via surface density anom@- energy required for meaningful penetration
lies, and monitor sea ice coverage. In the futueg,the water column. A very high energy beam
SAR may be used for vessel tracking and to idegeuld be required to penetrate turbid waters. Thus
tify schools of pelagic fishes at the ocean surfageactical application is limited to near-surface
Two advantages of SAR are that it can penetralsenomena in many cases, and problems of tar-
through clouds and it can operate at night. Tget identification, analogous to the problems in
ARGOS satellite tracking system is used to tragkoustics, remain. Currently, the southwest re-
cetaceans and sea turtles and in vessel monigisn is most active in lidar research, with realis-
ing. In the future, ARGOS may be used to relay potential identified for sardine and squid sur-
data from fish tags that are programmed to disegys. It seems most likely that lidar will have
gage from fish and float to the surface. applicability in surveys of only a few species.

Satellite technology is extremely powerful in  Laser line
its ability to bring large scale synopticity to envi-  The recent release of laser line technology
ronmental observation, but severely constraingdyenerating considerable interest in NOAA Fish-

plications of satellite tech-

. . . j ) ) > fogy by fisheries science
as fronts, eddies or upwelling zones which canipg daylight hours. Ships, data buoys, and fix@@nter.
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FRV Missions

Acoustic Surveys

Charter Calibration

Ecosystem Studies
Multi-gear Cruises

Synoptic Oceanographic Sampling
Trawl Abundance Indices
Marine Mammal Surveys agement experts and the results are presented here.

FRV Overflow

MEeeTING THE DATA REQUIREMENTS

The next step in this process is to integrate
the information described in the previous sections
into thePlan. Data requirements were reviewed
by a team of stock assessment and resource man-
Collateral Research, .9. Options to meet vessel needs were identified and
Plankton Surlveysh studied and the outcome of that work is also pre-
Bird/Mammal Sightings . .

Oceanographic Sampling fsented: F_lnally, da_ta requirements are translated
into ship-time requirements and the strategy for
meeting the requirements is presented.

Data Acquisition Planning

A team of stock assessment experts and ship

Charter Missions operations specialists representing each of the eco-
Oceanographic Sampling systems within the US EEZ and cross-cutting the
Pot Surveys Sustainable Fisheries, Protected Species, Habitat
Longline Surveys . K .
Bycatch Studies Conservation, and Science and Technology Offices
Gear Test Studies of NOAA Fisheries, participated in a workshop to

Trawl Surveys synthesize this information into a draft Data Ac-

quisition Plan. The workshop was the culmina-
tion of many years’ examination of existing needs,
new opportunities generated by legislative
changes, potential technological advances, and

——————— shifts in resource uses and management focus.

Charter Using all this information as input, the Plan was
constructed through an iterative process, balanc-
ing data needs, priorities, logistics, and fiscal con-

straints to arrive at a solution that optimized the

Figure 9.
Allocation of days-at-sea by

matching research mission
to the appropriate platform.
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guantity and quality of information collected.

eries. Initial applications will probably focus on  The first step in the iterative process was to
bottom habitat characterization. Laser line teddvaluate the current data acquisition program to
nology may be extendable to many of the appliadetermine if shifts in priorities are appropriate and
tions currently considered for acoustics, with the identify data deficiencies. Next, data needs
added advantage of superior imaging capabilibased on MSFCMA, MMPA and ESA legislation
However, problems with species identificatiowere quantified. Combining these produced a
parallel to those described under acoustics hawenprehensive list of data needs which was parti-
yet to be addressed. Laser line technology mtiyned into missions. Survey durations and fre-
be less demanding on vessel characteristics thaencies were assigned to the mission list. Allo-
acoustic technology. cation of missions among vessel types was accom-
plished by matching the requirements of the mis-
In summary, the array of high technologgion to the most appropriate vessel type within the
techniques becoming available have consideraptsl of available vessels (Fig. 9). Generally, mul-
application for some types of research problentipurpose missions or those involving
Investing in advancing these technologies throulgydroacoustics or long-term standardization were
partnerships with other government agencies, uassigned to FRVs, while single-purpose missions
versities and private industry is part of fRkan. were typically assigned to charter vessels. Next,
These technologies provide data that greatly éngistic constraints such as spatial and temporal
hance standardized stock assessment surveygaoaflicts among missions and vessel types and fis-
quired for fishery management decisions. Howal constraints were evaluated. Through this it-
ever, they are not likely to replace vessel-basedtive process, data needs were translated into
sampling for several decades, if ever. DAS, and then into mission plans (Appendix C).
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In FY98, NOAA Fisheries’ scientists will use
a total of 3104 DAS, with FRV DAS on the 8 2/3

ships in the NOAA fleet accounting for 61% o
the total. Results of the planning workshop ind
cate that a minimum of 6000 DAS (nearly doub
the present effort) are required to continue currg
research and monitoring, to address the increa
information requirements of the MSFCMA
MMPA and ESA, and to provide the scientifiq

foundation for implementing new approaches

fisheries management (Table 4; Fig. 10 ). Th

expansion of DAS would considerably improv

stock assessment capabilities by allowing sto
assessment surveys that are inadequate in sg
to be augmented and initiation of new assessme|

on managed stocks not now addressed (Appen

D). Resources would also be dedicated to ecos
tem process and life history studies needed to p|
dict future yields and set fishing quotas.
Options Considered

With the data requirements now identified,

strategy was developed to meet them. One of {

challenges in this process is that NOAA Fisherig|
fleet of research vessels have reached or excee

their expected service life. For several years, d

tions have been studied to mitigate for their eve
tual attrition from the fleet. The options have beg

analyzed by an interdisciplinary team of scientist

acquisition specialists, design engineers and cq
sultants from NOAA, other federal agencies ar
the private sector. The options include:

» Convert and purchase or lease existing ships 1
serve as research vessels

* Increase the amount of research conducted or

chartered vessels

» Implement a major repair program to prolong

Ship Type DAS Area YSe r:;fs
Quiet FRV 414 Northwest Atlantic 1.53
Quiet FRV 336 Gulf of Mexico/ Caribbean 1.24
Quiet FRV 106 South Atlantic Coast .039
Quiet FRV 565 Gulf of Alaska/Bering Sea 2.02
Quiet FRV 400 Pacific Oceania 1.48
Quiet FRV 695 California Current 2.57
Subtotal 2,516 9.32
Charter FRV 120 Southern Ocean

Subtotal 120

Quiet RV 90 Northwest Atlantic

Quiet RV 230 California Current

Subtotal 320

Charter Oceanographic RV 88 Nothwest Atlantic

Charter Oceanographic RV 15 Gufl of Mexico/Caribbean

Charter Oceanographic RV 50 South Atlantic Coast

Charter Oceanographic RV 55 Gulf of Alaska/Bering Sea

Charter Oceanographic RV 234 California Current

Charter Oceanographic RV 60 Southern Ocean

Subtotal 502

Charter RV 125 Pacific Oceania

Charter RV 60 Southern Ocean

Subtotal 185

Charter State RV 40 Gulf of Mexico/Caribbean

Charter State RV 120 South Atlantic Coast

Subtotal 160

Charter 134 Northwest Atlantic

Charter 245 Gulf of Mexico/Caribbean

Charter 70 South Atlantic Coast

Charter 834 Gulf of Alaska/Bering Sea

Charter 230 Pacific Oceania

Charter 689 California Current

Subtotal 2,202

Quiet FRV Subtotal 2,516 42%

Other Subtotal 3,489 58%

Grand Total 6,005 100%

the service life of the existing fleet

* Increase the role of advanced technology in
data collection

Delaware, and through direct contact with the

Maritime Administration (MARAD) and Military

» Construct new FRVs

Table 4.

Survey of days-at-sea by

Sealift Command (MSC). NOAA also contracted vessel and ecosystem type

with Naval architects on each coast to determinegased on planning workshop

Convert Existing Ships

the availability of private sector vessels. Results
showed that no suitable ships existed that met the
NOAA evaluated existing ships as an alteprincipal characteristics (i.e. size, horsepower,
native to new construction through two studiesubdivision, space for accommodations and labs,
First, NOAA did a market survey in 1996 in searghirangements to allow effective quieting, life ex-
of suitable candidates using the UNOLS ship ligeectancy, etc.) which we could economically con-

maintained on the Internet by the University ofert to meet the mission requirements.

results.
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Increase Use of Charters

2000

1500 +

1000 +

Days at Sea

500 +

Current Total=3104 use of vessel charters to the point that they repre-

W FRV OCharter . . L
1% NOAA Fisheries has steadily increased the
0 0

sent about 40% of the total DAS in FY98. Use of
charters will continue to increase in response to
burgeoning information requirements and to the

the types of vessels available for charter and con-

ik

GOA/BS

aC

A =
PO SO

sistency in availability. Some missions simply

retirement of vessels in the NOAA fleet. Perhaps
i i the factors that limit the use of charters most are
NA must be conducted from an FRV with long-term

GOM/IC SA

2000

15001

Days at Sea
=
o
o
o

o
o
o

availability. NOAA Fisheries will continue to
work closely with the academic and fishing in-
dustry fleets to use them for suitable missions. In
addition to that, FRVs that can be used to supple-
ment the work of NOAA's core fleet of vessels
are needed. UNOLS currently does not have fully
capable FRVs in their fleet. However, plans are

Planned Total=6005 L) 58%

GOA/BS

and NOAA Fisheries representatives have a
healthy working relationship and collaboration is
being actively pursued.

underway to modernize the academic fleet and this
represents an opportunity to collaborate with them
] D to meet NOAA Fisheries’ vessel needs. UNOLS
cC PO O NA

T
GOM/C SA
Large Marine Ecosystem

Figure 10.

Current FRV and charter days-at-sea (upper) versus levels needed to meet data

Implement a Major Repair Program

As the fleet has aged, NOAA has worked dili-
gently to conduct major repairs, and some up-
grades, to extend the life of its FRVs until replace-

requirements based on study results. Large marine ecosystems are Gulf of Alaska/ ment vessels can be acquired and calibrated. Nev-
Bering Sea (GOS/BS), California Current (CC), Pacific Oceania (PO), Southern Ocean  ertheless, these vessels have already served longer

(SO), Gulf of Mexico/Caribbean (GOM/C), South Atlantic (SA), and North Atlantic (NA).
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than their peers in other countries, and must be
replaced very soon. It is not technically or eco-
nomically feasible to repair them indefinitely;
eventually a point of diminishing returns is
After a review of the ship acquisition proreached. Moreover, none can be modified to meet
cess, OMB asked for another market survey, whitife quietness standards, and all were designed for
was independently conducted by MSC. Vesssther missions, primarily exploratory fishing.
requirements were released electronically to ovEtiey have been good ships and have served well,
90 addressees, posted to the MSC home pagebanthey are obsolete and in deteriorating condi-
the Internet and posted as a “Sources-Sought” éon. Repairs will continue to be made to ensure
nouncement in the Commerce Business Dailye existing vessels can continue to serve safely
(CBD). Vessels that met the critical requirementsnd effectively until replacement vessels come on
but failed to meet requirements not identified dise and are calibrated.
critical were considered capable of conversion and
their owners were encouraged to respond. Re- Advanced Technology
sults of this study were the same as for the previ-
ous one. No vessels were found in the U.S. flag The advanced technologies that can be used
fleet that were suitable for conversion to mees acquire data were discussed earlier. None are
NOAA missions'? Based on these investigationgikely to replace FRVs for several decades to come.
it became clear that conversion of existing shiptowever, several can increase the amount of data
could not exclusively meet the mission requir@btained by FRVs (e.g., acoustics) or can augment
ments. the use of FRVs (e.g., LIDAR). Some technolo-
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gies can reduce the amount of FRV time needddnagement Consultants confirmed that the
by improving cruise planning. Over the last founodel accurately compares the various acquisi-
decades, steady, but slow progress has been miale pptions under consideration by NOAA (gov-
and several technologies are operational. Therament owned and operated; government owned,
have been no striking breakthroughs, and none esatractor operated; contractor owned, govern-
on the immediate horizon. Nevertheless, scienent operated; contractor owned and operated).
tists at each Fisheries Science Center, working witbwever, NOAA Fisheries maintains its position
universities and technology corporations, are ptiat either government or private sector owner-
suing the latest developments and an advanséigp would be acceptable as long as the option
technology specialist is being recruited to coordielected is the most economical and does not com-
nate these efforts in headquarters. promise NOAA Fisheries’ missions.

Construct New FRVs Requirements by Ecosystem

Construction of new FRVs was explored as  FRV ship time is needed in each of the eco-
an approach to meeting at-sea data acquisitgystems within the U.S. EEZ. Demands for quiet
needs. Mission requirements from each of the seéssels in the Gulf of Alaska (GOA) and Bering
ence centers were obtained and a composite 8Sea (BS) ecosystem to conduct hydroacoustic sur-
veloped. Mission requirements were translatedys with accompanying trawl ground truthing
into a design through a design feasibility sttidyare growing. The MILLER FREEMAN and the
The study validated the design requirements, 6GHN N. COBB (age 48) currently serve this area.
fered analytical proof of concept and provided tAédne MILLER FREEMAN will undergo a major
first step in establishing a cost estimate for budgepair period beginning in the fall of 1998, and
planning. This was done independent of bothill not return to duty until late spring of 1999,
ownership and operating party decisions — thet the vessel is 31 yrs. old and is very near the
feasibility design has no features unique to aagd of its useful life.
single operator. Arigorous external review of the
ship requirements was conducted and concluded In the California Current ecosystem, quiet
that “the FRVs as defined by the requiremerffRVs would be used to conduct acoustic surveys
statements will be outstanding vessels that shofdd Pacific whiting. Deep-water trawl capabili-
serve NMFS and the nation extremely well as tties would enable the FRV to be used for new sur-
core of a dedicated fisheries fleet for their full prareys needed at the shelf edge. Hydroacoustic sur-
jected lifetime...they are not overspecifiél.”  veys on California Current coastal pelagics such

as anchovies, sardines and mackerels, would also

The FRV design maximizes utility ofbe conducted from this ship. The multi-capable
hydroacoustic technology by including measurésatures of FRVs would allow much needed eco-
to meet the International Council for Exploratiogystem-level investigations on juvenile salmon
of the Seas (ICES) noise standards for fisheriestural mortality in the ocean. A quiet ship would
research vessels and positioning of acoustic tragieatly enhance dolphin-tuna interaction studies
ducers on a hull-penetrating centerboard to mim-the ecosystem. Groundfish surveys, currently
mize interference of ship noise and bubbt®nducted triennially could be expanded to an-
sweepdown with sensor performance. nual with the use of the FRV. The DAVID STARR

JORDAN currently serves this ecosystem, but has

The acquisition approach for the FRVs wamly limited trawl capability. This 33 yr-old ves-
studied using an economic model developed &®lis scheduled for a major repair period in 1999
NOAA by Program Management Associates, Inwhich is expected to prolong its life by six years.
The model was designed to determine the most
cost-effective method of acquiring ships, based on The shear magnitude of Pacific Oceania
the input of 43 separate variables. The model ppses a challenge to stock assessment; the por-
sults indicate that the life cycle cost of ownershijpn of the U.S. EEZ associated with Hawaii and
is clearly less than that of leasittg.Sensitivity the U.S. -affiliated islands is equivalent to the to-
analysis was conducted for a variety of parameteak EEZ surrounding the continental U.S. and
including interest and discount rates, depreciatidxiaska. The vast extent of the area demands a
lease term, etc. An independent verification ah@jh endurance, fast, multi-gear ship to minimize
validation of the model by KPMG Peat Marwickransit time among survey sites and trips by single-
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purpose vessels. With an FRV, mid- and deajes diversity for mammals in the region, with spe-
water trawl surveys could be conducted on se&ges richness now over 20 species. It is now evi-
mounts for the first time, a capability currentlgent that large whales are common in this ecosys-
lacking, to provide new and critically importantem. The primary calving grounds of two spe-
data on stocks that aggregate at seamounts. A qeiet, the right whale and humpback whale, are lo-
ship is essential for hydroacoustic fish and fazated here, and there have been predictable
age-base assessments, and for acoustic trackightings of killer whales. Based on these find-
of large pelagic species. Conducting researchings, the frequency of large-scale, synoptic sur-
highly migratory species from a quiet FRV wilveys for marine mammals must be increased be-
improve data precision and optimize compatibifond current levels to adequately monitor these
ity with Japanese quiet FRVs during cooperatipeotected species. Census surveys in conjunction
research. Fisheries research is now conduoctéth aerial surveys must be conducted using a quiet
from the TOWNSEND CROMWELL, but the shiFRV with listening capability.
is 35 years old, lacks needed capabilities, and
should have long since been replaced due to its Work in the South Atlantic requiring FRV
poor condition. ship time includes surveys for South Atlantic
sharks, groupers, and marine mammals. Trawl-
In the Gulf of Mexico/Caribbean ecosystenmg and ecological work in this ecosystem wiill
FRV time is needed to conduct long-term stockntinue through a contract with South Carolina
assessment surveys, including trawl, reeffisémpd using chartered vessels. Interjurisdictional
marine mammal, longline and plankton surveyfisheries also exist here, including those which tar-
The region has just replaced the unreliabdet sharks, bluefin tuna, and swordfish, making
CHAPMAN with a converted T-AGOS ship, théarge-scale studies important for stock assess-
GORDON GUNTER, and completed major ranents.
pairs on the 31 yr-old OREGON Il. The area is
contiguous with international waters of Mexico  Stock assessment surveys of regulated spe-
and the wider Caribbean, and joint, synoptic swies use most of the available FRV DAS in the
veys must be conducted throughout the shaidrthwest Atlantic ecosystem. A quiet, multi-ca-
ecosystems to provide information at the stoplkble ship is necessary for these surveys to ensure
level for interjurisdictional species. For examplepntinuity of the data bases, and to allow tandem
stock assessments for coastal pelagics (e.g., maekwl and hydroacoustic studies to be conducted
erels, dolphin fish, and wahoo) must include ddtaconjunction with synoptic oceanographic sam-
on Mexico’s portion of the Gulf of Mexico topling. A new initiative to increase the precision
properly assess the status and condition of theSassessments for small pelagic species (herring,
stocks throughout their full ranges. Hydroacoustitackerel, squids, and butterfish) has begun to help
surveys are not routinely conducted due to the laakoid the boom and bust cycle for the fisheries on
of a quiet research platform. However, scientigteese species. Because of the depth distribution
are experimenting with using hydroacoustics of these species, a quiet FRV is absolutely neces-
conjunction with trawl and reeffish surveys, anghry to minimize bias due to ship effects. Acousti-
expanded use of this technology is anticipated. Eafly quiet vessels are also critical to assessments
example, a quiet ship with hydroacoutic capabdf many marine mammal stocks (e.g., harbor por-
ity is needed to conduct a first-time census of blymise) designed to meet MMPA/ESA mission re-
fin tuna as they migrate through discrete corridaggirements. Studies of the associations of fish,
through the area. Annual, comprehensive shankertebrates, and other species with habitat-re-
surveys, conducted cooperatively with neighbdated factors to identify EFH also require the use
ing scientists in U.S., Mexican, and Cuban waf quiet FRVs and a variety of remote sensing tech-
ters will be initiated this year. Synoptic, largeiologies. As the region’s cod, haddock, and floun-
scale, long-term studies such as these requiredkefisheries are being rebuilt, it is urgent that high-
special features of a dedicated FRV. guality assessment data be available to fisheries
managers, so they can make informed adjustments
Historically, only sperm whales and occae management strategies. The ALBATROSS IV
sional fin whales were noted in the Gulf of Mexicand DELAWARE Il are currently dedicated to this
in addition to the coastal dolphin species. Recewbsystem. The ALBATROSS 1V is 36 yrs-old
synoptic surveys for marine mammals in the Gahd has recently undergone major repairs to pro-
of Mexico have essentially redescribed the speng its service life. The DELAWARE Il just un-
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derwent a “Repair To Extend”, which should exgroundfish assessments, and Pacific salmon re-
tend its life by 10 years. search. Results of the data acquisition planning

will be used to guide the scheduling and
Reconciling Data Acquisition Needs with the prioritization of missions to fall within budget
Budget constraints.

No single option among those discussedata Acquisition Plan Review
above adequately addressed NOAA Fisheries’
needs. Hence, tidanintegrates all of these com- An external review of the data and ship re-
ponents into a strategy to meet at-sea data requiygirements was performed and the report was pro-
ments. The central philosophy of tRtanis to vided to NOAA in May, 1998¢ The report con-
construct a core fleet of purpose-built, dedicateduded that construction of a core fleet of pur-
FRVs to meet the most demanding mission rpese-built vessels is a good approach, and that
quirements. As new FRVs are built, calibratethe FRV requirements development process is
and brought into the fleet, existing ships will bsound. The FRVs were described as outstand-
retired. Meantime, repairs will be made to existng platforms that will serve the nation extremely

...a core fleet of four

ing vessels to ensure they will continue to pravell as the core of a dedicated fisheries fleet fgtRrV/s will be constructed

vide a safe and effective platform for data colle¢heir full projected lifetime. The report also con-

tion until they can be replaced. Acoustic quietinguded that the vessels are not overspecified.

on the new FRVs maximize the utility of

hydroacoustic technology at its present state and Further study of vessel acquisition, manage-

creates the potential to capitalize on technologirent, ownership, and operation was encouraged

cal advances throughout the vessels’ 30-yr lifa the review, and NOAA Fisheries is now en-

span. At the same time, charter vessels will pl@gged in those studies. Partnerships with UNOLS,

an increasingly important role in data acquisitiomndividual academic institutions, other govern-

ment organizations and the private sector were

Each new FRV will be capable of spendingtrongly endorsed in the report. TRisinreflects

approximately 270 days per year at sea condubtOAA Fisheries’ intent to expand its partnership

ing research. Dividing the estimated 2,516 DABase to meet its vessel (both FRV and other) needs.

annual requirement for quiet FRVs (Table 4) by

the average annual capability of 270 DAS per ship SUMMARY

yields 9.3 FRV ship-years of a combination of full-

and part-time FRV time to accomplish these mis-  The Data Acquisition Planincorporates a

sion needs. number of measures to meet NOAA Fisheries data

needs over the next five years. Partnerships with

Four purpose-built, full-time FRVs will be academic and commercial fleet operators will play

built by NOAA. The President announced a cona growing role. Replacement of the existing fleet

mitment to construction of new FRVs and appravith the new FRVs will ensure continuity of long-

priate budgets will be submitted to accomplish thierm data bases, and will enable NOAA Fisheries

(Table 5). to capitalize on technological advances in tools

such as hydroacoustics as they become available.

NOAA Fisheries intends to explore expanfimely implementation of th@lan is essential
sion of its partnership with the UNOLS systerto meet the increasing demand for high-quality,
and the private sector to address unmet needs Vighery-independent data. Delays would require
chartered vessels. A firm commitment to meetonsideration of additional repair-to-extend pro-
ing the FRV shortfall in collaboration withgrams or costly conversions of suboptimal ves-
UNOLS will provide the incentive to overcomesels as short-term solutions to the attrition of ag-
the ship configuration and scheduling problenisg vessels in the existing fleet.
that currently limit the use of the UNOLS fleet.

Communicating this opportunity to UNOLS now NOAA Fisheries bears the stewardship re-
will provide the necessary lead time to incorpasponsibility for the largest EEZ in the world, and
rate fisheries missions into their own fleet mode perform that mission, it must have the proper
ernization plan. Thus, charter DAS of non-FRV®ols. New legislation, management philosophies
must increase to support SFA guidance to increased scientific advances have created new oppor-
bycatch research, reef fish assessments, Pacifioities to improve fisheries management in the
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bycatch: Priorities, programs, and actions for the
Fiscal Year 2000 2001 2002 2003 2004 National Marine Fisheries Service (draft report).
URL:http://remora.ssp.nmfs.gov
FRV 1 Construction Deploy
9. Northeast Fisheries Center. 1988. An evaluation of
D N Deploy the bottom trawl survey program of the Northeast
Fisheries Center. NOAA Technical Memorandum
NMFS-F/NEC-52. 83 pp.
FRV 3 Construction
10. NRC. 1998. Review of Northeast fishery stock
FRV 4 Construction assessments. National Academy Press, Washington,
DC. 128 pp.
Charter
DAS L) of/t) Qe LS 2 11. Williamson, N.J. and J.J. Traynor, 1996. Applica-
. tion of a one dimensional geostatistical procedure to
FIIE:e':tI'J'E’S 2,015 2,015 1,849 2,119 1,995 fisheries acoustic surveys of Alaskan pollock. ICES
J. Mar. Sci. 53:423-428
12. Military Sealift Command, Special Missions
Program. 1997. Report on market survey for NOAA
Table 5. U.S. Providing appropriate support will enable Fisheries research vessels.

Plan milestones for the five-

year period beginning in

FY2000.
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NOAA Fisheries to capitalize on these opportuni-

ties to the economic benefit of the Nation and ihS: Maritime Administration, Designers & Planners,
tearity of our living marine ecosvstems Inc. And ADI Technology Corporation.1998.
grity 9 y " Fisheries research vessel - 40 Day Endurance

Feasibility Design.

14. Dorman, C.E. 1998. NOAA NMFS Research
vessels. (memorandum)
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